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gaBstones and regalatmg dietary cholesterol absorption 
by administering said compositions to a mammal in need 
of such treatment. 
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through the stomach while being protected against the 
COMPOSniONS OF GASTRIC AdD-KESISTANT acidic environment by its add-insoluhle coating which 
MICROSPHEHES CONTAINING SALTS OF BILE then disijitegrates in the neutral to basic environment of 
ACH^ the upper Intestine releasing the enzymes from the com- 

5 positioii. The process of making the compositions in- 
This application is a continuation-in-part of applica* dudes the provision of using a solvent and avoiding the 
tion Ser. No. 08/065 JSC, filed May 24, 1993, now U,S. presence of water in the blending step of the eozyme/- 
Pat. No. 5,352,460, which in turn is a divisional of appH- bmder/disintegrant, since it is believed that water deac- 
cation Set. No. 07/902,578, filed Jun» 22, 1992, now tivates some of the enzymes. 

U,S, Pat. No. 5,234,697. 10 It is known that ursodeoxycholic acid is capable of 

nAnjtmninm TITF TMVPNTTnN augmenting liver function, dissolving gallstones and 

BACKGROUND OF THE INVBNTIOJy improving the nutritional state of patients having cystic 

L Field of the Invention fibrosis caused by hepatobiliary complications, (See for 

This invention relates to buffer-stabilized salts of bile example: Ursodeoxycholic acid dissolution of gallstones 
acid compositions for ingestion by a mammal, a process 15 in cystic fibrosis. Sahl, B., Howat, J., Webb, K., Thorax, 
for preparing said compositions, and a method for treat- 43:490-1 (1988); Effects of Ursodeoxycholic Acid 
ing digestive disorders, impaired liver function, autoim» Therapy for Liver Disease Associated with Cystic Fi- 
mune diseases of the liver and biliary tract, preventing brosis. Colombo, C, Setche!!, K. D., Fodda, M., Cro- 
colon cancer, cholestasis associated with cystic fibrosis, signani, A., Roda A., Curcio, L., Ronchi, M. and Gi- 
dissolvinggabstones, and regulating dietary cholesterol 20 unta, A,, The Journal of Pediatrics, 117:482-489(1990); 
aibsorptkm by administering said compositions to a Effects of Ursodeoxycholic Acid Treatment on Nutri- 
maimnal in need of stwh treatment tion and Liver Function in Patients with Cystic Fibrosis 

2. Reported Developments and Longstanding Cholestasis. Cottiag, X, Lentze, M* J* 

It is known in the prior ait that mtsodeoxycholic acid and Reichen, X, Out 31:918-921 (1990). Also, UDCA 
(hereinalter sometimes referred to as UDCA) adminis^ 2^ has recently gained acceptance as an effective therapeu- 
tered to mammals can remedy various diseased condi- tic modality to dissolve small to medmm size choles- 
tions of the liver, gallstones, liver toxicity due to toxic terol gallstones in gallstone afflicted patients. (See for 
metabolites, alcohol induced hang«over, drug related example; The Effect of High and Low Doses of Ur^ 
toxicity, colon cancer following gallbladder surgery, sodeoxycholic Acid on GaHstone Dissolution in Hu- 
and deficiency associated with poor digestion of fats 30 mans, Salen, G*, ColaliHo, A., Verga, D., Bagan, R, 
and lipids in the intestine. UDCA requires the presence Tint, S, and Shefer, S., Gastro., 78:1412-1418 (1980); 
of certain condittoas in order for it to be safe and effec- Ursodeoxycholic Acid: A Clinical Trial of a Safe and 
tive as will be described hereunder. Effective Agent for Dissolving Cholesterol Gallstones, 

UDCA, conjugated-UDCA and other bile salts are Tint, G. S,, Salen, G., Coialillo, A,, Graber, D., Verga, 
produced by the patient's liver, stored in the gall blad- 35 D, Speck, L and Shefer, S., Annah of Internal Medicine, 
der and released into the duodenum in response to a 91:1007-1018 (1986); CHnical Perspective on the Treat- 
meal, the pH of which is sligjitly alkaline; Under these ment of Gallstones with Ursodeoxycholic Acid, Salen, 
alkahne pH conditions UDCA is soluble as sodium- G,, Clin, Gastroenterologyr 10 (Suppl 2):S12-17 
UDCA (Na-UDCA) and biologically active, and diges- (1988); Nonsurgical Treatment of Gallstones, Salen, G. 
tion of food by UDCA proceeds normally in the upper 40 and Tint, G. S., New England X Med, 320:665-66 
segment of the intestine. However, when UDCA is (1989); and Reducing Cholesterol Levels, A, H* Wei- 
administered exogenously to the patient, the gastric gand, U.S. Pat. No, 3,859,437. The recommended dos- 
conditions in the stomach, namely the presence of acid, age is 10 to 15 mg/kg of body weight In some patients 
will render the UDCA insoluble. The insoluble UDCA much higher dosages (for example, about 30 mg/kg of 
is btologk^y inactive. Therefore, orally administered 45 body weight) are required to achieve limited benefits, 
Na*UDCA must be ptotected against gastric inactiva- However, in some patients undesirable side effects (such 
tion so that it remains intect during its transit through as severe diarrhea) seriously limit the use of this drug, 
fbxt ^mach into the duodenum. Tht reasons for this wide variation of dosage require* 

Once the exogenoualy Introduced UDCA reaches the ments for therapeutic effectiveness and associated side 
duodenum, another requirement must be satisfied: the 50 effects arc not completely understood. One hypothesis 
UDCA must be released from its protective environ- is that the acidic form of UDCA is only partially neu- 
ment and intimately mixed with the food transferred tralized in the upper intestine to its sodium salt form, 
from the stomach to effect digestion. Many patients, such as patients with cystic fibrosis, 

U.S. Pat. No. 4,079, 125, incorporated herein by refer- pancreatitis or Billroth I & 11 and many elderly arc 
cnce, addresses these requirements in a composition 55 deficient in bicarbonate secretion and lack neutraliza- 
containing pancreatic enzymes, which closely approxi- tion capacity. These patients wiH only partially benefit 
mate the behavior of Na-UDCA in the acidic environ- from UDCA therapy. The insoluble acidic form of 
ment ofthe stomach and in the neutral-to-basic environ- UDCA is poorly absorbed from the intestine, and a 
ment of the upper intestine, and provides preparative good portion of the administered dosage is excreted 
methods for making the compositioi^* The composi- 60 intact with feces. When a higher dosage of the acidic 
tions provided by said patent comprise: an enzyme con- form of UDCA is administered to the patient, a large 
centrate formulated with a binder/disintegrant and is portion of it is neutralized in the distal parts of the intes- 
coated with a non-porous, pharmaceutically acceptable tine which in turn induces diarrhea, a highly undesirable 
enteric coaling polymer which is insoluble in the pH side effect. Also, if the acidic form of UDCA is to be 
range of from about 1.5 to about 5 normally present in 65 converted into its salt form in the duodenum, it will 
gastric fluids, and soluble at a pH of from about 6 to temporarily exhaust the buffering capacity of ^e duo- 
about 9, the normal pH range for mammalian intestinal denum and it will render the upper intestine partially 
fluids. The orally administered composition passes acidic. The acidic pH impedes the function of the pan- 
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creatic enzymes and UDCA cannot emulsify £ats and products tliat are extremely friable, tend to crumble into 

facilitate the hydrolysis of lipids. Furtliermore, the pieces upon drying in a fluidized bed dryer or a convene 

niany then^eutic benefits derived from the salt forms of tioiial coating pan and disintegrate ^pon initiation of the 

UDCA cannot be realized. Acconiingly, the salt forms polymer coating step. This results in large amounts of 

of UDCA should be administered to pati<»its in xteed of 5 dust and agglomeration of the beads into multip^s 

UDCA, since only the ionized, i.e. salt form of UDCA during the process as well as improper doses of Na- 

possess the desirable biological characteristics in the UDCA iipon administration to the patient wheo quality 

upper intestine, including the following; !) is readily control fails adequately to sort-out and discard said 

absorbed from the intestine; 2) inhibits cholecystokinin rejects. The bitter taste and associated gastric disadvan- 

release by the intestmal mucosa, thus ameBorating pain 10 tages of salts of UDCA are also dinainated by the poly- 

aad producing symptomatic relief; 3) enhances the flow mer coating which prevents solubilization of the prod" 

of bile which cleanses the liver cells from accumulated net in the mouth and stomach of the patients 

toxic metabolites and thus reduces liver toxicity and Still further, it has been discovered that microspheres 

autoimmune diseases of the iiver and biliary tract; 4) m the range of 10 to 40 mesh size can be prepared utlliz- 

prevests the binding and absorption of deoxychoUc acid 15 ing buifer-stabilized bile salts as seeds to build up the 

in the colon^ thus prevents colon cancer development; microspheres. Such small particle size microspheres are 

S) prevents the crystallization of cholesterol into gall- especialiy beneficial for treating cholestasis and bile salt 

stones; 6) emulsifies fats; and 7) facilitates the hydrolysis deficiencies in cystic fibrosis children. 

^stS°i^SS^vT=tS! . SUMMARY OF THE INVEmiON 

cient to effect a reduction in the cholesterol level of said This invention will be described with particular refer- 

human being, of the compound 3a, 7/?-dihydroxy-5^- ence to buffer-stabilized salts of ursodeoxycholic acid 

cholanic acid (UDCA) and the non-toxic pharmaceuti- containing an amount of buffering agent suifident to 

cally aoceptaMe salts thereof," However, administering provide neutralization capacity in the upper intestines 

the salt form of UDCA to pstkiUs has no advantage 25 of patients deficient in bicarbonate secretion* However, 

over the addle form of UDCA and does not accomplish it is to be understood that salts of other bile acids such 

the desired result since the salt form of UDCA is con- as cholic acid, deoxydbolic add, chenodeoxycholic add 

verted back to the acidic form of UDCA by gastric and their glycyl, taunne, methylgjycyl and methyltaa- 

acidity. Furthermore, the salt forms, i.e,, sodium or rine conjugates and salt complexes thereof indudtng 

potassium^ of UDCA are extremely bitter-tastings and in 30 their isomers may be used as well, 

most patients cause esophageal reflux, nausea and vom- In co-pending application Ser, No. 08/065,780 there 

iting. Because of these highly undesirable organoleptic is described a microencapsolated, polymer-coated coair 

and gastric side effects, the salt forms of UDCA have position comprising Iwle salts as the active ingredients 

not gained therapeutic utility in the treatment of HUary for the treatment of bile acid deficiency. The composi" 

diseases. 35 tion contains up to 5% of a buffering agent to provide 

It has now been discovered that the problems associ- buffering capacity to neutralise the acid chyme that is 

ated with tablets and capsules containing UDCA may present in the intestine and re-establish the normal di- 

be overcome in a composition containing a salt of gestive conditions in patients deficient of intestinal buff- 

UDCA instead of the acidic form of UDCA, In accor- ers. Recent findings indicate that buffer deficiency is 

dance with the discovery, UDCA is first converted to a 40 more serious in certain patients than believed hereto- 

pharmaceutically acceptable salt, such as a sodium or a fore. For example: cystic fibrosis patients are deficient 

potassium salt, processed into microspheres, and coated m bicarbonate secretion and their upper mtestinal pH's 

with an acid-resistant polymer coating. Such composi- axe in the range of 4.5 to 6.5; some of the alcohol in- 

tion overcomes the hereindescribed problems: 1) the duced cholestatic liver diseased patients' duodenal pH's 

polymer coating protects the salt of UDCA firom gas- 45 are also in the less than neutral range, i.e. pH 6.0 to 7.6. 

trie acidity and from conversion back to the insoluble Even when the pancreas and the gaEbladder are maxi- 

acidic form; and 2) once the microspheres pass through mally stimulated with secretin and choIecystoHnin hor- 

the stomach in the duodenum, the protective coating mones, the intestinal pH*s seldom exceed pH 7.0 in 

dissolves in the neutral-to-alkaline range of the upper cystic fibrosis and 7.6 in alcohol induced liver diseased 

intestine. The microspheres dismtegrate and release 50 patients. 

both the buffer-stabilked salts and the salts of UDCA Because it is difficult to predict the extent of bicar- 

into the intestine within ten to thirty minutes. Once tiie bonate deficiency in these patient populations without 

buf^er salts and the salts of UDCA are released from the intubation and collectm of intestinal juices, it is neces- 

miciosph^K»St the buffer salts pro\ide extra buffering sary to assure that adequate amount of buflisr is adminis- 

capacity to neutralize the ac^ chyme and the salts of 5S tered with the exogem)u$ bOe add composidons. 

UDCA are rapidly absorbed from the mtestme. FurthenBOre, ursodeoxycholic acid is insoluble at 

It has also been discovered that the buffer*stabiUzed low pH*s. At pH 7,0 only 20% and at 7.5 only 50% of 

salt of UDCA composition can be prepared into mi- a given dose of UDCA is solvated. The other portions 

crotablets and microspheres in the presence of moisture of tiie dose is excreted with the feces, 

without having detrimental effects on the bile salt com- 60 Accordingly, the composition of the present invesn- 

position thereby resulting in products tihat do not crum- tion incorporates 5 to 40% w/w of a buffering agent, 

ble upon drying or disintegrate upon initiation of the based on the total weight of the composition, to provide 

polymer coating procedure. This discovery is contrary optimum conditions for maximal biological activity of 

to the teaching of the aforementioned U.S. Fat. No. the exogenously administered bile adds. 

4,079,125 which requires complete exclusion of water 65 In accordance with one aspect of the invention, there 

(anhydrous condition) during the process of preparing is provided a microencapsulated, polymer-coated com- 

pancreatic enzyme-containing microtablets and micro- position comprising a buffered-stabjlized salt of UDCA 

spheres. It was found that anhydrous conditions leads to in a novel pharmaceutical dosage form. In another as- 
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pect, the invention provides a process for preparing UDCA to the sodium salt ofUDCA, These patients will 
salts of UDCA for use in said compositioii. In still an* only partially benefit from the insoluble acidic form of 
other aspect, the invention provides a process for the UDCA therapy. The biiffer-stabiiized salt of UDCA- 
preparation of gastric acid-resistant polymer-coated bile containing compositioR of the present invention over- 
salt-containing microspheres and microtablets. In its S comes this problem by being instantly soluble m the 
final aspect the invention provides a method for treating intestinal juices and is readily absorbable from the intes- 
bile salt deficiencies associated vnth biliary diseases in tine. Additionally, the composition also pro^des extra 
mammals, such as cholestass and gallstones, liver toxic* buffering capacity to neuttraEze the acid chyme that is 
ity due to toxic metabolites and autoimmTine diseases of present m the intestine and re-establish the EOnnal di- 
the liver and biliary tract, alcohol-iiidticed hang-over, 10 gestive conditions in patients deficient of intestinal buff- 
drug related toxicity, prevention of colon cancer, defl- ers. 

ciency associated with poor digestion of fats and lipids The buffer-stabilized salts of UDCA compositions are 

in the intestines, and regulating dietary cholesterol ab- microencapsulated and coated with an acid-resistant 

sorption, polymer-coating, which protects the composition from 

^TTT^.^A J T. • -m, £• gastric acid and from conversion of the salts of UDCA 

Salts of UDCA and Preparation Thereof insoluble addic fonn of UDCA, The polymer- 

Thepharmaceuttcally acceptable salts of UDCA and coated naicrocapsules are tasteless and the problem 

conjugated derivatives of UDCA (for example, glycyl associated with ihe offensive bitter taste of the uncoated 

and taurine ursodeoxycholate, N-methylglycyi and N- acidic form of UDCA or the uncoated salts of UDCA is 

methyltaurine ursodeoxycholate) include the sodium^ 20 thereby alleviated, 

potassium, ferrous, ammoniiimj tromethamine, ethanol- The microcapsules uniformly disperse with the food 

amme, diethanolamine and tricthanolamine salts or salt in the stomach and deliver high levels of biologically 

complexes of UDCA and cotuogated-UDC A of which active salts of UDCA into the duodenum. Once hi the 

the sodium salt is pieferred, duodenum, the polymer coating dissolves withkt about 

In preparing salts of UDCA and cosJugated-UDCA, 25 10 to 30 minutes and the buifer-stabilized salts of 

the acidic form of UDCA is dissolved in a suitable sol- UDCA are released to enhance digestion of fats and 

vent followed by titration of solvated acid with a water- lipids* As a result, the natural digestive conditions in the 

soluble alkaline hydroxide, carbonate, bicarbonate or intestine axe re-established. Epigastric pain, cramps, 

buffer solution, such as sodium hydroxide, sodium car- bloating, flatulence and stool frequency associated with 

bonate, sodium bicarbonate, potassium hydroxide, po- 30 maldigestion of fatty foods are reduced, 

tassium carbonate, potassium bicarbonate, trometha- Soluble salts of UDCA and conjugated derivatives of 

nnne, and the like, until the pH of the solution reaches UDCA are absorbed more efficiently and in a greater 

about 8,6, Most of the solvents are then removed from quantity from the intestine than the insoluble acidic 

the titrated solution by evaporation or dlstiliation and form of UDCA, resulting in a more efficient stimulation 

the salt of UDCA is recovered by spray drying or by 35 of the liver enzymes to conjugate uxsodiol (UDCA) and 

lyophilizing the remaining solution* enhance choleresis. The mcreased concentration of 

For one modification of preparing salts of UDCA, an UDCA and the conjugated ursodiol stimulates bile 

alcoholic solution of UDCA is percolated through a How, enhances the displacement of toxic bile acid me- 

cation>exchange resin (Dowex) in its sodium form, fol- taboiites from the hepatocytes, decreases cholesterol 

lowed by washing the column with two resin-bed vol- 40 secretion into bile, alters the choIesterol/phosphoHpid 

umeofmethanol, concentrating the methanol wash and ratio of secreted bOe and decreases the absorption of 

recovering the Na-UDCA crystals from the methanolio dietary cholesterol from the intestine. The overall result 

mother liquor. is decreased biliary cholesterol saturation, increased bile 

In another moc^cation of preparing salts of UDCA flow, dissolution of already formed cholesterol gail- 

an alcoholic solution of UDCA is mixed with an alco- 45 stones and protection of the liver from accimiulated 

holic solution of sodium methoxide or sodium ethoxide, toxic metabolites, 

followed by evaporation of the alcoholic solvent and ^ , . rrm^A 

predpitatici of Se Na-UDCA from the concentrated Compositions of Salts of UDCA 

solution by addmg the Na-UDCA soktibn to ice-cold The buffer-stabilized salt of UDCA composition 

acetone in a ratio of 1:5 to 1:10, The Na-UDCA crystals 50 comprises a blend of ingredients and a coatmg therefor 

are collected by vacuum filtration, washed with ice- expressed in weight per weight percentages based on 

cold acetone followed by air drying the crystals over« the total weight of the composition: 

night, a) from about 50 to about 89% of a salt of UDCA in 

In accordance with the present invention, buffer- powder or microsphere form; 

stabilized salts of UDCA compositions are provided 55 b) from about 5 to 40% of a buffering agent selected 

which possess desirable characteristics heretofore ab- from the group consisting of sodium carbonate (anhy- 

scnt in proposed or existing prior art products. drous powder), sodium bicarbonate, potassium car- 

The buffer-stabilized salts of UDCA are instantiy bonate, potassium bicarbonate, ammonium carbonatCj 

soluble in water, wlwle UDCA alone is essentially insol- tromethamine, tris-carbonate {Di[tris{hydroxyme" 

uble, 60 thyl)aminomethane] carbonate), trisglycin.e bulTer 

Only the salts and conjugated derivatives of UDCA (0,25 mole tris-base and 1.92 mole of glycine, pH 8,3), 

are absorbed from the intestine, while the acidic form of di*, tri*, and poly-ar^ine in the molecular range of 

UDCA is passed through the intestine intact, unless it is 350 to 50,000, dt-, tri-, and poly-lysine in the molecu- 

converted to the sodium salt by intestinal buffers. How- lar range of 290 to 15,000, diethylamine and trietha- 

ever, many patients, such as patients with cystic fibrosis, 65 nolamine; 

pancreatitis, Biilrotii 1 & II diseases and some elderly c) from about 0 to about 16% and preferably from about 

people, are deficient in bicarbonate secretion and lack 0.9 to about 16% of a disintegrant selected from the 

neutralization capacity to convert the acidic form of group consisting of starch and modified starches. 
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mfcrocrystallinecenulose and propylene glycol algi- DETAILED DESCRIPTION OF THE 

J*^^ rNVE>rriON 

d) from about 2,0 to about 19% of an adhesive polymer ;^ 

selected from the gtoup consisting of poly vinylpyr- In preparing the bi£ffer-5tabilized bi!e salt containing 

rolidone, hydroxypropyl cellulose, microcrystallkie ^ microspheres of the present invention udlizmg the exr 

cellulose, cellulose acetate phthalate, and a 60:40 trudon, oai-sizser and mammeriacation process (later 

blend of methyl cellulose and hydroxypropyi methyl described) moisture must be included in the Uquid or 

cellulose^ and solvent-adhesive composition to reader the adhesive 

e) from about 8.0 to about 16% of a non-porous, phar- polymer sticky enough to bind the bile salt-containing 
maceutically acceptable gastric acid-resistant polym- powder into a pliable, solid mass. This prevents 
er-coating which contains less than 2% talc and the crumbling of the microspheres during the drying 
which is insoluble in the pH range of from about L5 and coating process as well as allows the preparation of 
to about 5 but is sohJble in the pH range of from about aauch smaller particle size microspheres, Le. in the 
5,5 to about 9, rang© of 10 to 80 mesh* Accordingly, it was found that 

the moisture level during the preparation of the comi>o- 

The Process of Making the Microspheres sition should be in the range of from about 0.05% w/w 

In accoidance with the present invention, the bife salt about 2.0% w/w, preferably, in the range of 0.2% 

composition is prepared by a process comprising the w/w to L5% w/w, and most preferably in the range of 

steps of: /J to L0% w/w. When the compositions con- 

a) blending dry, powdery ingredients selected from the tained such amounts ofmoisture, the microspheres were 
group consisting of (i) from about 50 to about 89% ^ be stable on a^ng and the Integrity of the 
w/w of a salt or conjugated derivative of UDCA microspheres was preserved. 

from the group consisting of sodium, potassium, fer- Further reference is now made to the process of pre- 

rous, ammomum, tromethamine, ethanolamine, die- 25 compositions of the present invention, 

thanoiamme and triethanolamine; (ii) 5 to 40% of a process of manufactunng the microspheres com* 

buffering agent selected from the group consisting of P^^es the foUowmg steps: 

sodium carbonate (anhydrous powder), sodium bicar* a) ^> powdery mgredients are blended together 

bonate, potassium carbOE^te, potassium bicarbonate, ma conventional blender* ^ v 1. 

ammonium carbonate, tromethamine, triscaibonate 30 ^^^^^ ^ wetted with a smtable hquid, here- 

ODi[tris(hydroxymethyI)aii^omethane] carbonate), inbefore described, that causes the dry blend to sticlt 

tris-glycme buffer (0.25 mole tris-base and L92 mole ^^S^^^^' f''^^ f^t}'^^^'^ ^ ^ 

of glycine, pH 8.3), di«, tri-, and poly-arginine m the compressmg a handful of the blend m the palm of the 

moleeular range of 350 to 50,000, dx-, tii-, and polyly- ^ ^ composition is compressible and sticks 

sine in the molecular range of 290 to 15,000, diethyl^ 35 <»S<^ther but readily crmnbles when squeez«l be^ 

amine and triet^anolamine; (iii) of from about 0 to ^^^^ ^ fingexs, sufficient hqmd has been added to 

about 16% w/w and preferably from about 0,9 to processing m the subsequent 

SSup ^SsSS of^Sch^Sd m'SS Sht! ^> ex^ed through a 10 to 18 mesh S/S 

iicrocrystaUine cellulose and propylene glycol algi- 40 «^reen usmg an OK^kting/i^procatiiig e^tm^r or 

^+ a \ o x\of \r. «v;«»^ 1 Qtf? „, A„^f a twm-screw extruder at a medium-to-high speed, 

nate; and (iv) from about 2.0% to about 19% w/w of ^ ^^^^^ ^^^^ ^^^^^ .J^ 

an adhesive polymer sekcted from the group conSB^ ^^^^^ ^^^^ ^^^^ ^^^^^^ 

mgof polyvmylpyrrohdone. ceiluiose acetate phthal- 5 ^ ^ ^ 

ateJhydrox3|ropyI c^^ verted to a mufonn diameter particle size. 

b) wetting said blended mgr^iente wife a hqmd to nmfotm particles are then compacted in a 
cause ^ bl^d ^ strok together, wherem said hqmd marumerizer, which is essentiaHy a cylindrical vessel 
is selected from l^e group consisting of l%-25% ^ ^^^^ ^^^^ ^^^^^ ^^^^ 
w/w ethanoV75%^99% w/w 2-propanol/O 0^ 15 to 90 seconds. An alternative method of compact- 
5%^2% w/w water; 9S%-99% w/w 2-propanoVa- ^ microspheres can also be accomplished in a 
2^^-^£5%w/wwater 1%~25^^ rotating conventional coatuig pan. In this case, the 
5%^2% w/w water/75%--98% w/w 2 propanolA partic!^ are tumbled in Hie pan for about 15 to 30 
1 %-5% w/w ethylacetate; minutes, occasionally wetting the particles with a fine 

c) extruding the liquid-wetted Wend through a 10 to 18 ^ ^^^^ selected from the group consisting of: 
mesh S/S screen; 53 1%^25% w/w ethanoi/75%-99% w/w 2^ 

d) convertmg the extruded scgmients to a uniform diam- prppanol/a05%-2% w/w waten 9%%-99% w/w 
eter particle sizej 2'-propaiiol/a2%"0.05% w/w water; 1%^25% w/w 

e) compact the unifonn partkites to spherical parti- methanol/0.05%-2% w/w water/75%-98% w/w 2 

propanol/1%-5% w/w ethylacetate. 

0 dryin® the spherical particles; ^ f) The spherical partides are dried in an oven under a 

g) separalipg the spherical partides if not of uniform stream of dry air not exceeding 60" C and 40% rela- 
size according to desired sizes using U.S. Standard tfve humidity, 

^eve screens; g) The microspheres are separated according to the 

h) coa^g the particles with a gastric acid-'resistant desired sizes using U.S. Standard sieve screens, 
polymer that protects the microspheres in the acidic 6S h) The microspheres having 10 to 20 and 30 to 40 mesh 
pH's (pH<6.0), and dissolves under neutral or size are separately coated with an acid-resistant poly- 
slightly basic conditions; and mer in a fluidlzed bed coating equipment, or in a 

i) drying the polymer-coated spherical particles. conventional coating pan according to standard oper- 
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ating procedures as described in the manufacturer's 
mstniction manual, 
i) The polymer-coated microspheres are then dried in 
an oven under a stream of warm and dry air, not 
exceeding 60" C. and 40% relative hnmidity until aii 
the volatile substances (moisture and solvents) are 
removed. 

The following examples will further serve to illus- 
trate the compositions of the present invention wherein 
the compositions and the process of preparing them will 
be described with reference to microsphere forms; how- 
ever, it is to be noted that the microtablet form of the 
composition and the process of makiag it is also in- 
tended to be covered by the present invention. The 
process of making the microtablet form of the composi- 
tion is as follows: 

a) blending dry, powdery ingredients selected from the 
group consisting of from about 50 to about 89% 20 
w/w of a salt or conjugated derivative of XJDCA 
from the group consisting of sodium* potassiumi fer- 
ous^ ammonium, tromethamine, ethanolamine, dieth- 
anolamine and triethanolamine; (ii) 5 to 40% of a 
buffering agent selected from the group consisting of 
sodium carbonate (anhydrous powder), sodium bicar- 
bonate, potassium carbonate, potassium bicarbonate, 
ammamum carbonate^ tromethamine^ triscarbonate 
(DiEtiis(hydro3rymethyl)amincmiet^ carbonate), 
tris-glycine buffer (0.25 mole tris-base and L92 mde 
of glycine, pH 8.3)^ di«, tri-, and poly-arginine in the 
molecular range of 350 to 50,000, di-, tri-, and polyly- 
sine in the molecular range of 290 to 15,000, diethyl- 
amine and triethanolamine; (iii) of "from about 0 to 
about 16% w/w and preferably from about 0.9 to 
about 16% w/w of a disintegrant selected from the 
group consisting of starch and modified starches, 
microcrystalline cellulose and propylene glycol algi- 
nate; and (iv) from about 2,0% to about 19% w/w of 
an adhesive polymer selected from the group consist- 
ing of polyvinylpyrrolidone, cellulose acetate phthal'* 
ate, hydroxypropyl cellulose and mcthylcellulose; 

b) wetting said blended ingredients with a hquid to 45 
cause the blend to stick together^ wherein said liquid 

is selected from the group consisting of: \%-25% 
w/w ethanoI/75%-99% w/w 2'propano1/0.0- 
5%-2% w/w water; 9Z%-99% w/w 2«propaRol/0.- 
2%-0.05% w/w water; Wc-25% w/w methanoI/0,0- 
5%-2% w/w water/75%'-98% w/w 2 propanolA 
l%'-5% w/w ethylacetate; 

c) granulating or extruding the liquid-wetted blend 
through a 10 to 18 mesh S/S screen; 

d) drying the granulate or extruded particles; 

e) admixbg a lubricant, such as talc or magnesium stea- 
rate in the amount of 0.1 to 2%, based on the total 
weight of the compodtion, with the granulated or 
extruded particles; 

f) compressing the particles into microtablets of an av- 
erage diameter size of from about LO to about 2.5 
mmj 

g) coating the microtablets with a gastric acid-resistant 
polymer that disintegrates under neutral or slightly 
basic conditions; and 

h) drying the poiymer-coated microtablets. 
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Example I: Formula Composition (microspheres) 





A Cunco3ted) 


B (coated) 


Ingredients 


% w/w 


% w/w 


Dismtegrant 


5,0 




Sodium-Ursodeoxycliolate 




m 


BuTfering ageat (anhydrous) 






Adhesive Polymer 


3.0 




Polymer coat/talc mixture 
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Example XL Formula Compoattion (microspheres) 




A (uncQateti) 


B (ooatefl) 


* Ingredients 


% w/w 


% w/w 




2.0 


1.7 


F<)t3«juro-UrsOdeo«yclio!ate 


78.0 




Bwf&tmg agcttt (a»5iydrovi$) 


12.0 


10.2 


A^ihesive PoJynier 


8.0 


€.S 


Fotymei coat/tilc mixture 
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Example HI: Formula Composition (microtablets) 



lii^edktLts 


A (ancoated) 
% w/w 


B (coatetQ 
% w/w 


Dlsintetgmt 


3.0 


Z7 


Sodium-Ufsodeoxycholate 


S2.0 


73.2 


Bafferiag agent (anhydrous) 


!3.0 


n.6 


Adhesive Polymer 


IX> 


0.9 


Lubricant (stearic ^cid/Mg'-steaiate) 


1^ 


0.9 


Polymer coat/tsdc tmxtuie 







Example IV: Formula Composition Containing Bile 
Salt Starting Seed (polymer coated microspheres) 



40 



Ingredients 



% w/w 



Bile salt sUrtirtg seed (20-40 mesh) 
DisintcgrajQt 

BuJfcTiug agent (anhydrois) 
SQ^om-TJr50deoxyoTiO]>te 
AfQieslve pol^naeir ndxture 
Polyioer coat/talc rodxture 
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The microspheres containing bile salt starting seeds 
were prepared by employing a conventional coating 
pan. The microspheres were built up to larger particle 
sizes by placing the bile salt-containing 30 to 40 mesh 
starting seeds in the rotating coating pan, wetting the 
microspheres with the liqmd/adhesive poiymer-con- 
taining, mixture, followed by slowly dusting the buff- 
ered-Na-UDCA/dismtegrant oompositiott over the 
tttmbling and flowing bile salt seeds. The sequence of 
these steps is ri^;>eated until the seeds are built up into 
microspheres having diameters in the range of 30 to 20 
m^ht preferably 14 to 16 mesh. 

An alternate procedure for the preparation of the 
microspheres containing starting seeds was carried out 
in fluidi^ed bed coating equipment (Glatt Mfg. Co.) 
using a Wurster column. The starting seeds were placed 
in the equipment and fiuidization was started. The buff- 
ered"Na-IJDCA/dismtegrant/adhesive polymer mix- 
tare was sprayed on the fluldized microspheres as a 
homogenous mixture at a rate that allowed the growth 
of the starting seeds to larger microspheres. 



Ingredients 




BUeSatt 


«)J 


Di&ntegr^t 


10.0 


Bulfeiifl^ agent (dshydrom) 


10.6 


Adhesive polymer E&ixture 
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« 1 If « t«M tris-glydfae buffer (0.25 mole tris-base and 1.92 mole of 

Examine V: Preparaton of Bile Salt Containing ^^^^^^ 5 3^^ ^^.^ poly^argimnc m the mo- 

btamng aeeas ^^^^^^ ^^^^ ^ ^^^OOq^ ^^^^^ poly-lysme 

m the molecular range of 290 to 15,000, diethylainiiie 
5 and triethaxiolamkie. 

Adhesave Polyiseno Agents: Hydroxyprop^ ceUu** 
lose (Klucel HF, Hercules Co.), polyvinylpyiiolidone 
(Flasdone, GAP CoO» a 160:40 Hend of methy] ceilulose 
and ethyl ceHalose (Dow Chem. Co.), hydroxypropyl 
^0 methyl cellulose (Grades 50 and 55, Eastman Kodak 
The process of making the bile salt-contaiaiag start- Co.), cellulose acetate pbthalate CBastmaa Kodak Ca) 
ing seeds consisted of: 1) blending the bile salt, disinte- and propylene glycol aigmate (Kelco Co.), 
grant and the buffering agent together for 10 minutes; 2) Acid-resistant polymers to coat the microspheres and 
spraying the composition vnih the adhesive polymer microtablets: hydroxypropyl methyl cellulose phthai- 
mixture until the powdery blend aggjomeratedj and 3) 15 ^te, Grades 50 and 55 (Eastman Kodak Co., or Shin- 
extruding the liquid moistened composition through a £tsu Chemical Co., Ltd.), AQUATERIC® aqueous 
10 or 18 mesh S/S screen using an oscillating/recip- enteric coating polymer dispersion (FMC Coip,), BU- 
rooatmg extruder or a twm-screw extruder. The subse- DRAGIT ® acrylic based polymeric dispersion (Rohm 
quent prwessmg steps were the SM^^^ Phaxma GMBH, Germany), and cellulose acetate 

Stepsatooughim The Process of Makmg the Micro^ 20 pyj^^ (Eastman Kodak Ca). Jho following exam- 
spheres under Sunmiary of the Invention, ^ ^^^^^ mmrate the compositbn of the add- 

Example VI; Preparation of Salts of Ursodeoxycholic resistant polymer<;oatings: 



Example VH 



% ty/w 


Hydroxypropyl mtihyl cdlulosc phtliaiate (HD?MCP)* 


7.5 


Diethyl plititalat« (DEP) 


2.0 


Iscpropy! sktchol (IFA) 


45.0 




45^ 


T^USP 


0.5 



Acid 

20g of UDCA is dissolved in 100 ml of alcohol (meth- 25 
anoi, ethanol, isopropanoi or any other suitable alcohol 
that is easily removed after UDCA has been neutral- 
heed) and a 10%-3Q% solution of hydroxide^ bicarbon- 
ate or carbonate solution of Na, K, etc. is added to the 
reaction mixture with vigorous nusdng. The UDCA 30 
solution is litrated until the pH teaches 8.6. The alcohol 

f^''!^^^ "^^^ "^^^v^^y^ ^« Kydroxypropyl methyl oell^^ phthdate was 

ratOr, and the aqueous solution is lyopimiZCO or spray- rcpiaced with ccUidosc acetate pfethalatc, an cquaUy sattaWc acid* 

dried to recover the Na-UDCA, redstaat polymer-oOKting was obtsuncd, as long as taJo was »lso 

35 isclttded in the compoaitfoa. The presence of tudc wilh the film- 

Hxample VI(a) forming polymer caused tiie dcpoation of an acid'impermeable 

In anodter modiScdtirin of nrenaritts^ ^;a1tft of UDCA J^^y»*^ AQUATERIC ® or EUDRAGnr ® 

MM wiwuic* uiuaiuvai'iiju o* pxcpox-m^ «Mu^% ui. \j*„fKei% atpieoas entecic coating polyxoei dispecsion was employed io, place 

an alcoholic solution of UDCA is mixed with as alco- of hydraxyprapyl mef^Z «eiIvIo$e pb^late (HPMaP)^ the nti* 

holic solution of sodium methoxide or sodium ethoxide, crospheres were lint sealed with a thin layer oors of the HPMCF 

followed by evaporation of the alcoholic solvent and 40 (2'4%w/wofthe microspheres) followed by coating with the 

precipitation of the Na-UDCA fr<m the concentrated AQUATEiacj) or eupragit <g). lltc advwittge of x^g 

5 J\ . \, \.-f 7y^X^ wiiv«iii,i<iiw ^ aqueous based polymeric dispersion is to save on solvents Ih&t 

solution by addmg the Na-UDC A to ice-cold acetone m evaporated dwk« the solvent based coaihig step and cat 

a ratio of 1:5 to 1:10. Collecting the Na-UDCA crystals down on ak poBntioiL 

by vacuum ^tration^ washing the crystals with ice><x)ld 

acetone followed by air d^dng the crystals overnight. 45 j^istribution of microspheres according to sizes is 

Example VI(a) Illustrates this process. shown m Table I 

Reference is now made to the ingredients used in the 

above examples: TABLE I 

Bile Salts: sodium, potassium, ferrous, ammonimn Di$tnbution of the Microsphgires According to Sto 

salts, tromethamiue, ethanolamine^ diethanolamine and 50 Example HB B^cample HIB 

triethanolamine salts or salt complexes of ursodeoxy- Mgsh Sj2& (mm) Microspheres {%) Microspheres (%> 
chelate, glycyl ursodeoxycholate, tauroursodeoxycho- 
late, N-methylglycylursodeoxycholate and N-methyi- 
tauroursodeoxycholate, chelate, deoxycholate^ cheno- 
deoxycholate, glycylcholate, taurocholate, N-methyl- 55 
glycylcholat^ N-methyltaurooholate, glycyldeoxycho- 

late, taurodeoxycholate, N-methylglycyMeoxycholate, MMht^d Twinir unr a n^dancv 

N-methyltaurodeoxycholate, N-methyiglyoyl- ^^^^ Treatmg UDCA Deficiency 

cfaenodeoxycholate and N-methyltauiochenodeoxy- Hw composition of the present inventbn are orally 

cholate and the ethyl and propyl esters of ursodeoxy- ^ administerabie to patients having UDCA deficiency in 

cholate. an effective amount to treat such d^clency. The com- 

Didntegrant: Explotab (Mendell, Inc.) and micpo- positions are tasteless unlifce the hisolnble acidic form of 

crystaiKne cellulose, UDCA which is associated with an offensive bitter 

Bujffaring agents: from about 5 to about 40% w/w % taste. This advantage increases patient compliance in 

sodium carbonate (anhydrous powder), sodium bicar- 65 takmg the medication* The microspheres are admmis- 

bonate, potassium carbonate, potassium bicarbonate, terable admixed with food or they may be filled into 

ammonium carbonate, tromethamine, tns-carbonate hard gelatin capsules for iwiministration in a conven- 

(Di[tri$(hydroxymethyl)aminomethane] carbonate), tional manner. In both methods of administration the 
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microspheres pass through the stomach intact, being 
protected by their acid-resistant coating. Wliile in the 
stomach, the microsi^eres uirlformly disp^e with the 
food therein and pass mto the duodenum to deliver high 
levels of biologically active salts of UDCA. In the duo- 5 
denum, the polymer coating dissolves within ten to 
thirty xninutes and the salt of UDCA is released. 

The total amount of the composition required to be 
admiinstered to a bile acid deficient patient will vary 
with the severity of the conditions, age and other physi- 1^ 
cal characteristics of the patent. The physicians will 
prescribe the total amount, the dosage, and the fre* 
quency of administration on a patient by patient basis, 
QeneraUy, iar bile acid deitdent patients, from about 
0,15 to about 0 J5 grams of the compoationare adminis- 
tered once or twice a day. Larger amount may» how- 
ever, be required for certain conditions, such as for 
dissolving galisiones* 

For ease of admbiistration of the compositions it is 
preferred to use hard gelatin capsules containing about ^ 
0^5 to 0.4 grams microspheres or microtablets. Gelatin 
capsules which disintegrate in the acidic environment of 
the stomach are well-known and utilized m the prior 
art, Microtablets are of small size, having a diameter 
between about 1 to 5 mm and a thickness between I to 
4 mm. The tablet is prepared by conventional tableting 
procedure. However, the compositions of the present 
invention m the form of very small particle sizes may be 
used per se. For exampkj young children, handicapped 
individuals with certain diseases, and elderly patients 
are unable to swallow big gdiatin capsules. Micro- 
spheres of very small sizes of the present invention 
could then be administered to these patients with liquid 
food, such as milk^ apple sauce and semi-solid foods. 35 

The advantages of the polymer-coated microsphei^ 
and microtablets over capsules and large tablets are well 
recognized in the ajdministration of therapeutic medica^ 
tions. The microspheres and mini tablets disperse uni- 
fonniy with the food in the stomach due to the smaller ^ 
particle size of these particles and are more uniformly 
coated with the polymer coating because of their spher- 
ical shape. They also release their Na-UDCA content 
more re^ily than compressed large tablets or capsules* 
The microspheres are protected from gastric acidity by 45 
the acid-resistant poiymer-coating during gastric tran- 
sit. Once the microspheres reach the duodenum, the 
polymer coatmg dissolves under neutral-to-slightly- 
alkaline conditions and the microspheres discharge 
thcar buffer-stabilized bile salt content in the upper in- 50 
testine within minutes. This release results in an effscl^t 
emul$i0cation of fats and ii{»ds, digestion of the emulsi- 
fied lipids by pancreatic lipase, Uquei^on of mucus 
that obstructs the intestinal mucosa and acceleration of 
the enzymatic digestion of mucopdysacchaiides* As a ss 
result of this synergetic interaction between bile salts 
and pancreatic enzymes^ mucus is lysed, and the recep- 
tor sites on the intestinal villi are exposed to the outer 
environment. The unblocked receptors can bind essen- 
tial metabolites and transport them through the intesti- 60 
nal membrane into portal circulation. The net result is 
the normalization of the intestinal digestive functions, 
enhanced absorption of the liberated metabolites and 
the amelioration of the dyspeptic symptoms associated 
with the upper gastrointestinai tract 65 

What is claimed is: 

1. A buffer-stabilized bile salt composition for the 
treatment of bile salt defksiency of a mammal compris- 
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ing, by weight per weight percentages based on the 
total weight of the composition: 

a) from about 50 to about 89% of a bile salt of in 
powder form; 

b) from about 5 to about 4096 of a buffering agent 
selected from the group consisting of sodium car- 
bonate (anhydrous powder), sodium bicarbonate, 
potassium carbonate, potassium bicarbonate, am- 
monium carbonate, tromethamine, tris-carbonate 
(Di[tns(hydroxymethyl)aminometbane] carbon- 
ate), tris-glycine buffer (0.25 mole tris-base and 1.92 
mole of glycine, pH 5.3), di-, tri-, and poly-arginine 
in the molecular range of 350 to 50,000, di-, tri-^ and 
poly-lysine in the molecular range of 290 to 15,000, 
diethylamine and triethanolaminej 

c) from about 0 to about 16% of a disintegrant se- 
lected from the group consisting of starch and 
modified starches, microcrysta!line cellulose and 
propylene glycol alginate; 

d) from about 2 to about 19% of an adhesive polymer 
selected from the group consisting of polyvinyl- 
pyrrolidone, hydioxypropyi celiuiose, microcrys- 
taiOine cellulose, cellulose acetate phthalate, and a 
60:40 blend of methyl cdiulose and hydroxypropyl 
methyl cellulose; and 

e) from about 8% to about 16% of an non*porous, 
gastric acid-resistant and pharmaceuticaliy accept- 
able polymer-coating which contains less than 2% 
talc and which is insoluble in the pH range of from 
about 1.5 to about 5 but is soluble in the pH range 
of from about 5,5 to about 9. 

2. The bufer-stabilized composition of claim I 
wherein said salt is selected from the group consisting 
of: sodium, potassium, ferrous, ammonium salts, trome- 
thamine* ethanolamine, diethanolamine and triethanol-' 
amine salts or salt complex^ of ursodeoxycholate, gly- 
cyl ursodeosycholate, tauroursodeoxycholate, N- 
methylglycyiursodeoxycholate and N-methyltaurour- 
sodeoxycholate, cholate, deoxycholate, chenodeoxy- 
chelate, glycylcholate, taurocholate, N-methylglycyl- 
cholate, N*methyltaurocholate, glycyldeoxyobolate, 
taurodeoxycholate, N-metfaylglycyldcoxychoIate, N- 
methyltaurodeoxycholate, N-methylglycylchenodeoj;- 
ycholate and N-methyltaurochenodeoxycholate and the 
ethyl and propyl esters of utsodeoxycholate, 

3, A process for preparing a buffer-stabilized bile salt 
compo^tion for the treatment of bile salt deficient mam- 
mals compri^g the steps of: 

a) blending dry, powdery ingredients selected from 
the group consisting of (i) from about 50 to about 
89% w/w of a bile salt of UDCA selected from the 
group consisting of podium, potassium, ferrous, 
ammonium salts, tromethamine, ethanolamine, di- 
ethanolamine and tnethanolamine salts or salt com- 
plexes of ursodeoxycholate, glycyl ursodeoxycho- 
late, tauroursodeoxycholate, N-methylglycylur- 
sodeoxychoiate and N-methyltauroursodeoxycho- 
late, choiate, deoxycholate, chenodeoxycholate, 
glycylcholate, taurocholate, N-methylglycylcho- 
late, N-methyltaurochoiate, glycyldeoxycholate, 
taurodeoxycholate, N-methylglycyideoxycholate, 
N-methyitaarodeoxycholate, N~methylglycyl- 
chenodeoxycholate and N-methyltaarochenodeox- 
ycholate and the ethyl and propyl esters of ur- 
sodeoxychoiat^ (ii) from about 5 to about 40% of 
a buffering agent selected from the group consist- 
ing of sodium carbonate (anhydrous powder), so- 
dium bicarbonate, potassium carbonate, potassium 
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bicarbonate^ ammonium carbonate, trometfaamine» 
tns-carbonate (DiEtris(hydroxymethyl)aJtmome- 
ihm&] caibonate), tm*gjydbae biiifer (0.25 mole 
tns-base and 1,92 mole of glydnc, pH 8,3), di-, tii-, 
and poly-argioine in the molecular range of 350 to S 
5D,000> di-y tn», and poly-lysine in the molecular 
range of 290 to 15,000, diethylamine and tnethanol- 
amine; Oii) of from about 2 to about 19% w/w of an 
adhesive polymer selected from the group consist- 
ing of polyvinylpyrrolidone, hydroxypropyl cellu- ^0 
lose, microcrystalline celldose, cellulose acetate 
phthalate, and a 60:40 blend of methyl cellulose and 
hydroxypropyl methyl cellulose; (iv) of from about 
0 to about 16% w/w of a disintegrant selected from 
the group consisting of starch and modiSed 
starches, microcrystalline cellulose and propylene 
glycol alginate; 

b) wetting said blended ingredients with a liquid to 
cause the bl^d to stick together^ wherdn said 
liquid is selected firom the group consi^g of: ^ 
l%-25% w/w ethanol/75%-99% w/w 2- 
propano1/0,05%-2% w/w water; 98%-W& w/w 
2-propanol/0.05%-2% w/w water; l%-25% w/w 
methanol/0.05%-2% w/w water/7$%"-98% w/w 

2 propanol/,1%-5% w/w ethylacetate; 

c) ejttruding the Hquid-wetted blend through a 10 or 
18 mesh S/S screen; 

d) converting the extruded segments to a uniform 
diameter particle size; ^ 

e) compac^ng the unJfonn particles to spherical par- 
ticles; 

f) drybg the spherical particles; 

g) separating the spherical particles if not of uniform 
size according to desired sizes using U.S, Standard 35 
sieve screens; 

h) coating the spherical particles with a gastric acid- 
resistant polymer that disintegrates under neutral 
or slightly basic conditions; and 

i) drying the polymer-coated spherical particles. 4^ 

4. The process of claimB wlierein said con^sition is 
in the form of microspheres having a mesh size of about 
10 to 40, 

5. The process of claim 3 wherein said liquid for 
wetting the blended ingredients comprises from about 45 
0.05% to about 2.0% moisture. 

6. The process of claim 5 wherein said moisture con- 
tent is from 0.2 to 13%. 

7. The process of claim 6 wherein said moisture con- 
tent is from 0.2 to 1,0%. 50 

84 A process for preparing a buffer-stabilized bile salt 
composidon for the treatment of bile salt deficient mam- 
mals comprising the steps ofr 

a) preparing a starting seed of the bile salt comprising: 
blending the powdery bile salt wlOt a disintegrant 55 
and a buffering agent; 

b) sprayit^ said blend with a solution of an adhesive 
polymer until the blend agglomerates; 

c) extruding the solvent moist^Eked Mend through a 10 
or IS mesh S/S screen; 60 

d) coAvertibo^ the ejntruded segments to a unifom 
diameter particle size of 30 to 60 mesh; 

e) compactbig the umlbnu partides to spherical par- 
ticles; 

f) drying the spherical particles; 65 

g) separating the spherical particles if not of uniform 
size according to desired sizes using U.S. Standard 
sieve screens; 



h) employing said 30 to 60 mesh particles as starting 
seeds for the preparation of larger microspheres in 
the 10 to 20 mesh size range by placing the 30 to 60 
mesh starting seeds in a rotatmg coaling pan, spray* 
ing the microspheres with a liquid/adhesive 
poljmer-containlng mixture, followed by slowly 
dusting the buffer-stabiJized bile salt/dislntegrant 
composition over the tumbling and flowing start- 
ing seeds unrdl the desh^ particle sizes are ob* 
tained; 

i) coating the particles with a gastric acid-resistant 
polymer that dissolves under neutral or slightly 
basic conditions; and 

j) drying the polymer-coated spherical particles. 

9. The process of claim 8 wherein the particle size 
range of said seeds is from about 30 to about 60 mesh. 

19. The process of claim 8 wherein said starting seed 
is selected from the group consisting of; sodiumt potas- 
sium, ferrous, ammonium salts, tromethamine, ethanol* 
amine, daethanolamme and triethanolamine salts or salt 
complexes of ursodeoxycholate, glycyl ursodeoxycho- 
late, tauromrsodeoxycholate, N-methylglycyiursodeox- 
ycholate and N-me^yltauroursodeoxychoIate, cholatei 
deoxycholate, chenodeoxycholate, giycylcholate, tau- 
rocholate, N-methylglycyicholate» N-methyltaurocho- 
late, glycyldeoxycholate, taurodeoxycholate^ N- 
methyl^ycyldeoxycholate, N-methyltaurodeoxycho* 
late, N-methylglycylchenodeoxycholate and N-methyl- 
taurochenodeoxycholate and the ethyl and propyl es- 
ters of uxsodeoxycltolate. 

11. The process of claim B whereha the polymer- 
coated spherical particles are of 10 to 20 mesh. 

12, A process of preparing a buffer-stabilizied bile salt 
compofiitlon in microtablet form for the treatment of 
bile salt deficiesat mammals comprising the steps of: 

a) blendiug dry, powdery ingredients selected from 
the group consisting of 0) from about 50 to about 
89% w/w of a salt or conjugated derivative of 
UDCA from the group consisting of sodium, potas- 
sium, ferous, ammoniuTD, tromethamine, ethanol- 
amine, diethanolamine and triethanolamine; (ii) 5 to 
40% of a buiFering agent selected from the group 
consisting of sodimn carbonate (anhydrous pow- 
der), sodium bicarbonate, potassium carbonate^ 
potassium bicarbonate, arumonium carbonate, 
tromethamine, triscarbonate (Di[tris(hydroxyme- 
thyl)aminomethane] carbonate), tris-glycine buffer 
(0.25 mole tris-base and L92 mole of glycine, pH 
8J), di-, tri-, and poly-arginine in the moleciiar 
range of 350 to 50,000, di> tri-, and polyiysine in 
the molecular range of 290 to 15,000, dietliylamine 
and triethanolamine; (iii) of &om about 0 to about 
1 6% w/w of a disintegrant selected from the group 
consisting of starch and modified starches, micro^ 
crystalline cellulose and propylene glycol alginate 
and (Iv) from about 2,0% to about 19% w/w of ao 
adhesive polymer selected from the group coinsist' 
ing of polyvinylpyrrolidone, cdliSlose acetate 
phthalate, hydroxypropyl cellulose and methylcel- 
lulose; 

b) wetting said blended mgredients with a liquid to 
cause the blend to stick together, wherein said 
liquid is selected from the group consisdng of; 
l%-25% w/w ethanol/75%-99% w/w 2- 
propanoi/0,05%-2% w/w water; 9W-99% w/w 
2-propanol/0,2%'^.05% w/w water; l%-25% 
w/w methanol/0,05%"2% w/w water/75%-98^ 
w/w 2 propanol/1%-5% w/w ethylacetate; 
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c) granulating or extruding the liqaid-wetted blend 16. A method for treating bile salt deficienQy m rnam- 
through a 10 to 18 meslxS/S screen; mals comprising: orally administering an effective 

d) dryiug the grantilates or extruded particles; amount of the composition prepared by the process of 

e) admudng a lubncant^ such as talc or magnesium claim 12. 

stearate in the amount of 0.1 to 2%, based on the 5 17. The method of claim 13 wherein said bile acid 

total weight of the composition, with the granu- defidemjy treatment is to eliminate in a matamai dis- 

lated or extruded particles; eased states or cojiditions selected feom the group con- 

f) compressing the partscies into microtablets of an sisting of: digestive disorders, impaired liver function^ 
average diameter size of from about 1.0 to about 2,5 autoimmune diseases of the liver and biliary tract, pre- 
mm; 10 ventiagcoloncancer, alcohol induced hang-over, drug 

g) coating the microtablels with a gastric acid-resists related tojdoity, deficiency associated with poor dtg^- 
ant pQiymer that disintegrates under neutral or tion of fats and lipids, cholestasis associated with cystic 
slightly basic conditions; and Hbrosis, dissolving gallstones, and regulatmg dietary 

h) drying the poIymer*coated microtablets. cholesterol absorption, 

13. A method for treating bile salt deficiency in mam- 15 18. The method of claim 13 wherein about 0,15 to 
mais comprising: orally administering an elTective 0.75 gmsofthe composition is administered to a bile salt 
amount of the composition of claim 1, deficient patient daily. 

14. A method for treating bile salt deficiency m mam- 19. The method of claim 18 wherein said composition 
mals comprising: orally administering an effective is administered in an acid disintegratable capsule con- 
amount of the composition prepared by the process of 20 taining from about 0.15 to about 0.4 grams of micro- 
claim 3. spheres or microtablets. 

15. A method for treating bile salt deficiency in mam- 20. The method of claim 18 wherein said composition 
mals comprising; orally administering an effective is administered admixed with a liquid or a semi-solid 
amount of the composition prepared by the process of food. 

claims. 25 ***** 
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